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Poly viruses are a group of plant viruses characterized by their long 
flexous rod morphology. The genomes of members of the potyvirus group 
consist o f single-stranded, positive-sense, 2' polyadenylat^d RNA molecules 
which are covalently linked at *heir 5' termini to a small protein (VPg). Host 
cell enzymes translate the genome of potyviruses to produce large 
polyproteins. These polyproteins then proteolytically self digest themselves 
to produce specific functional proteins (reference 2). The nucleotide 
sequence of the RNA genomes of various members of the potyvirus family 
has been determined in an attempt to learn .>ore about the molecular 
biology of the potyviral RNAs (reference 5).
The RNA genome of potyviruses yields at least six virus 
encoded polyproteins associated with potyvirus infections (figure I ).
These include three morphologically, serologically, and biochemically 
distinct viral proteins called "inclusion bodies" which crystallize out 
in cells infected by potyviruses (reference 2). Analyses of potyvira! 
genomic RNA nucleotide sequences have provided insight into the 
mode of gene expression involved during infection by these 
pathogens (reference 2).
Resistance to viral infection can be confcred to plants in three different 
ways, namely cross protection, expression of viral coat protein and 
expression of viral satellite RNAs. Cross protection involves resistance 
against a virus generated by infection of the plant with a mild strain of the 
virus or a related virus. Such infection results in mild virus dependant 
sickness in the infected plant but also generates resistance against infection 
by more virulent strains of the infecting virus. A number of theories exist 
regarding the mechanism of cross protection. One theory that is compatible 
with experimental observations states that the protecting virus binds the 
majority of the ribosomes in the host cell due to an increase in niRNA
1
2Figure 1 Arrangement of cistrons in a typical 
potyviral RNA genome
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production. Thus the nucleic acid of the invading virus would find lew 
ribosomes to bind to and would be degraded before expression (reference 
10). A second theory suggests that the receptor sites on the host cell 
necessary for obligate viral coat protein removal from the vino are blocked 
by the coat protein particles of the protecting virus, thereby preventing 
viral coat protein removal from the infecting virus (reference o>. The use of 
expression of viral coat proteins in plants to convey resistance to a virus 
capitalizes on this second theory concerning cross protection. Specifically, 
one integrates the gene for the viral capsid protein into the plant genome 
(figure 2). The plant then expresses viral capsid protein ami the propagation 
of infection by the same virus or a different virus decreases considerably, 
presumably by saturation of the receptor sites on the host cell by the 
expressed coat protein (reference 10). The third means of protection against 
viruses employs expression of a satellite RNA (references I and cO. Current 
theory speculates that the viral RNA and the satellite RNA use the same 
viral specific rcplicase for their replication. Expression of a satellite RNA in a 
potential viral host would provide an excess of an alternate substrate for the 
first viral encoded viral specific replicascs produced after viral infection.
This would divert the viral specific rcplicase molecules away from viral RNA 
replication and retard or terminate viral RNA replication and viral 
multiplication in the infected plant tissue This approach is currently being 
applied to several potyviruses including potato \irus V (PVY) in potato and 
beet necrotic yellow vein virus (BNYVV) in beet (reference 4).
The strains of maize dwarf mosaic virus (YIDMV) arc members of the 
potyvirus family. A previous graduate student in Dr (dark’s laboratory, 
Joseph Jilka, started a project to convey YIDMV resistance in corn plants by 
the expression of MDMV coat proteins in transgenic corn plants. Joseph Jilka 
therefore constructed a series of double stranded cDNA clones of the coat 
proteins of MDMV strains A, B, KSI, and sugarcane mosaic virus strain H 
SCMV II (figure 3). Two of Joseph Jilka’s cDNA clones contained the complete
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7Figure 3 A classification scheme for potyviruscs 
which infect maize
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MDMV B capsid protein cistron and ail or a portion of the nuclear inclusion 
protein II cistron. Joseph Jilka then characterised the 1616 nucleotides of 
the smaller of these clones, i.e.. upto the Hindlil site in the cDNA clone 
(figure 4). This analysis established the nucleotide sequence of the entire 
MDMV B capsid protein cistron, the 210 nucleotide sequence of the 
untranslated 3’ terminus of MDMV B RNA, and 336 nucleotides coding for 
112 amino acids at the carboxy terminus of nuclear inclusion protein II. My 
senior thesis project is to sequence the larger cDNA clone of MDMV B RNA. 
i.e.. the Sail to Hindlil portion (figure 4). Such a nucleotide sequence 
characterization allows comparison of the nucleotide sequence of the nuclear 
inclusion protein II cistron of MDMV B with previously sequenced nuclear 
inclusion protein II cistrons of other polyviruscs.
9
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Figure 4 The cloning of MDMV B in pUC19
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MATERIALS AND METHODS
A. Sources of Materials
Cesium chloride purified double stranded MDMV B cDNA (Sal! 
to poly A tailed clone) in pUCI9 was used for restriction enzyme 
analyses, double sequencing of the minus strand, and for 
constructing sets of deletions. Reagents used for sequencing were 
obtained from Sequenase Version 2.0 ( United States Biochemical 
Corporation). Restriction enzymes were purchased from Bethesda 
Research Laboratories. Reagents used to make deletions of the MDMV 
B cDNA clone were obtained from the double stranded nested 
deletion kit supplied by Pharmacia LKB. | a-U\S|-ATP used in 
sequencing v.as purchased from Amersham. All oligonucleotide 
primers used in sequencing the MDMV B clone were provided by the 
Genetic Engineering Laboratory at the University of Illinois at Urbana 
Champaign.
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B. Methods
Restriction enzyme digestion of the MDMV cDNA clone to characterize 
an EcoRI site
Three gig of CsCI purified, insert containing pUCI() (in 6.0 pi 
H2O) was incubated at 37°C for 2 hours with 12 units (1.5 pi) of 
EcoR! in a reaction mixture that also contained 1.0 pi IhO and 1.5 pi 
REact 3 buffer. Five pi of loading buffer (containing 0.25% xylene 
cyanol FI\ 0.25% bromophenol blue and 40% w/v sucrose in IhO) was 
then added to the reaction mixture. Eight pi of EcoRI digested DNA 
was then loaded onto a 1.0% agarose gel and resolved by 
electrophoresis at 50 millivolts for 45 minutes. Lambda ilindlll 
standards and an EcoRI digest of pUCIO were used as size markers.
Double stranded sequencing of the minus strand of the MDMV B 
cDNA clone
Three pg of CsCI purified, insert containing pUC19 plasmid (in 
6.0 pi H2O) was denatured by adding 4.0 pi of 1.0M NaOH and 
incubating at room temperature tor 5 minutes. The denatured DNA 
was precipitated by addition of 3.0 pi of 3.0M NaOAc pi I 5.2 
(prepared by dissolving 408 g NaOAc in 800 ml IhO and adjusting 
the pH to 5.2 using 17.4M glacial acetic acid), 7.0 pi II2O, and 75 pi 
cold absolute ethanol. The Eppendorf tube containing the 
precipitating DNA was placed on dry ice for 5 minutes after which 
the suspension was centrifuged for 5 minutes in a mierofuge at 4n C 
to obtain a DNA pellet. The surface of this pellet was then washed by 
addition of 200 pi of cold 70% ethanol followed by centrifuging it for 
2 minutes at 4° C and decantation of the wash solution. The DNA 
pellet was then dried in a lyophilizer for 5 minutes at room 
temperature. This pellet was resuspended in 2.0 pi Sequenase
13
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reaction buffer (5X concentrate provided in Sequenase Version 2.0 
kit) and 6.0 pi IbO. Two hundred ng of sequencing primer (in 2.0 pi 
water) was added to the resuspended DNA pellet and the 10.0 pi 
reaction was incubated at 37° C for 15 minutes to allow the primer to 
anneal to its DNA template. The following reagents were then added 
to the 10.0 pi volume of annealed template-primer: 1.0 pi 0.IM 
dithiothreitol, 2.0 pi labeling mix (5X concentrate of 7.5 pM dGT!\ 7.5 
pM dCTI\ and 7.5 pM dTTP provided in Sequanase Version 2.0 kit), 
0.5 pi of |(/.-35s|_ATP ( lOOOCi/mmol), and 2.0 pi of a 1:8 dilution of 
Sequenase enzyme (1*7 DNA polymarase 13000 units/ml). The 
Sequanase enzyme was diluted in ice cold TP pH 7.4 buffer 
(reference 6 p. 448). The mixture was incubated at room 
temperature for 5 minutes. Separa e 3.5 pi aliquots of this reaction 
were then added to each of 4 tubes containing 2.5 pi of each of the 4 
dideoxy XTPs (provided in Sequenase Version 2.0 kit) which were 
preincubated at 37° C for 5 minutes These 4 incubations were carried 
on for an additional 5 minutes at 37() C. The 4 separate reactions 
were stopped by the addition of 4.0 pi of Stop solution (containing 
0.05% xylene cyanol l;l\ 0.05% bromophenol blue and ()5'4 
formamide). Each sample was denatured by heating at 75-XOn C lor 2 
to 3 minutes prior to loading onto an 8.0r4 polyacrylamide 
sequencing gel. The polyacrylamide gel mix was prepared by 
dissolving 38 g acrylamide, 2 g methylene-bis-acrylamide, and 250 g 
urea in 150 ml distilled IbO and 50 ml I0X THE (reference 6 p. 478). 
Distilled water was then added to bring the total volume upto 500 
ml. Hie solution was stored at 4° C. Sequencing gels were run for 3 to 
5 hours at 1700 volts. The gels were then soaked in a solution of HY.i 
acetic acid and \2 r/f methanol to remove the urea from the gel. The 
gels were dried at 80° C for 30 minutes. Hie dried sequencing gels 
were placed with direct contact on Cronex 4 film for 3 to 5 days in 
Crotiex Ill-plus easettes at room temperature for autoradiography.
Deletion methodology and the subsequent sequencing of the plus 
strand of the MDMV B cDNA clone in plJC'19
I. Linearization of circular DNA and end protection by .V overhang
Ten jag of CsCI purified, insert containing pUCI1) (in!5 pi IbO) 
was digested exhaustively with 20 units (2.5 pi) of Sail in a reaction 
mixture containing 2.5 pi Rbact 10 buffer and 5.0 pi IbO for 2 hours 
at 37° C. The restriction enzyme was then removed from the aqueous 
reaction mixture by extracting it with phenol (reference 6 p. 458 and 
459). The DNA was then recovered from the aqueous solution in a 
pellet form by precipitation with ethanol (reference 6 p. 461 and 
462). The DNA pellet obtained following precipitation was 
resuspended in 10 pi II2O. The concentration of the Sail digested DNA 
was determined by measuring the absorbance (at 260 11m) of a 
1:500 dilution of the resuspended pellet in Tli pi I 7.4 buffer 
(reference 6 p. 448). One pg of Sail digested DNA was removed for 
analysis by agarose gel electrophoresis to ascertain complete 
linearization of the cDNA clone. Three pg °f Saif digested DNA was 
then incubated fori hour at 37° C with 10 units (2.5 pi) of Split in a 
reaction mixture containing 2.5 pi RHact 6 buffer and sufficient IbO 
to make final reaction volume of 25 pi. The Sph! enzyme was 
inactivated following the digestion by heating the reaction mixture at 
65° C for 10 minutes. One pg of MDMV B insert containing pUCI9 was 
also digested with Sphl as a control. One pg each of the Sail and Split 
digests of MDMV B cDNA in plJCI9 were then loaded onto a \ f7< 
agarose gel and resolved by electrophoresis to ascertain full 
linearization of both cDNA clones. The Sail digestion produces 5’ 
extensions on both ends of the cDNA insert containing plasmid. The 
Sphl digest produced a 3’ extension on the pUCI9 plasmid. This 3’ 
extension is resistant to digestion by exonuclease III. The plus strand 
of the cDNA clone will therefore be deleted unidirectionally from the 
5’ terminus when digested with exonuclease III.
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2. Deletion of the plus strand of the MDMV B cDNA clone in pl,(.’l ()
Twenty pi (2.4 pg) of the double digested DNA from procedure 
1 (*bove) was used to perform the exonuclease III digestion of the 
MDMV B cDNA clone. The subsequent deletion of nucleotides from 
the 5’ terminus of the cDN'A clone required two specific reagents, 
exonuclease III buffer mix and SI buffer mix. The exonuclease III 
buffer mix was made up as follows: 8.0 pi of exonuclease III buffer. 
8.0 pi of 0.3M NaC! (both reagents were provided in the nested 
deletion kit) and 8.0 p! of II2O were mixed in an Eppendorf tube. The 
SI nuclease/buffer mix required to remove the single stranded 
regions generated by exonuclease III digestion was prepared as 
follows: 33 pi SI nuclease buffer, 1.0 pi SI nuclease (both reagents 
were provided in the nested deletion kit) and 66 pi of IIjO were 
mixed in an Eppendorf tube. Three pi aliquots of this SI 
nuclease/buffer mix were pipetted into 15 Eppendorf tubes and 
placed on ice. Twenty pi of the cxonuclease III buffer mix was added 
to 20 pl (2.4 pg) of the double digested DNA from procedure I. Phis 
reaction mixture was equilibrated in a 28() C HjO bath for 5 minutes, 
A 2.0 pl aliquot (120 ng DNA) of this reaction was transferred to an 
Eppendorf tube containing 3.0 pl of the previously prepared SI 
nuclease/buffer mix. mixed by repetitive pipetting and placed on ice. 
This "time=0" aliquot served as an undeleted control sample of the 
MDMV B cDNA in pUCI9. The exonuclease 111 digestion was started 
by adding 1.0 pl of cxonuclease III (2.5 units/pl enzyme provided in 
the nested deletion kit) to the double digested DNA in the 
exonuclease III buffer mix. Incubation was continued at 28° C. Two 
pl aliquots (120 ng DNA) of this reaction were removed every 2.5 
minutes and transferred to Eppendorf tubes containing 3.0 pl of SI 
nuclease/buffer mix, mixed by pipetting and placed on ice. After the 
last 2.0 pl aliquot/ had been removed, all 15 reaction samples
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were incubated simultaneously at room temperature for 30 minutes. 
This incubation allowed the SI nuclease to digest the minus strand of 
the cDNA clone that remained following digestion of the plus strand 
by exonuclease III. The SI nuclease was then inactivated by the 
addition of 1.0 pi of SI Stop solution (Tris base-EDTA mix provided in 
the nested deletion kit) to each of the 15 reaction samples and 
heating at 65° C for 10 minutes.
3. Analysis of the extent of deletion of the cDNA clone
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The extent of deletion of the cDNA clone in each 120 ng sample 
(from procedure 2) was determined by electrophoretic resolution of 
each of the SI nuclease treated reaction samples. One half of each 
reaction sample (60 ng of cDNA in pUCI9) was used for this 
electrophoretic analysis while the other half was used for 
recircularization by ligation. Three pi of each reaction sample (60 ng 
DNA) from procedure 2 was mixed with 3.0 pi loading buffer 
(containing 50% glycerol* I.OmM EDTA, 0.05% xylene cyanol IT and 
0.05% bromophenol blue). Six pi of this mixture was loaded onto a 
1.0% agarose gel and electrophoresis was performed at 50 millivolts. 
MDMV B cDNA in pUC19 linearized with Sail and pUC19 linearized 
with EcoRI were used as controls.
4. Recircularization of the deleted MDMV B cDNA clone in pUCI9
Sixty ng (3.0 pi) of each deleted, SI nuclease treated sample of 
MDMV A cDNA in pUCI9 (from procedure 2) was recircularized by 
ligation according to the following procedure. A bulk ligation mix was 
prepared by mixing 85 pi of 5X ligase mix (containing T4 DNA ligasc 
at 0.13 units/pl), 85 pi of 25% PEG (both reagents were provided in 
the nested deletion kit) and 195 p! HjO in an Eppendorf tube. 
Seventeen pi of this ligation mix was added to each 60 ng DNA
■' i l s C M  S ' ; . : :::
sample from procedure 2. These ligation reactions were then 
incubated at room temperature for 2 hours.
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5. Transformation of E.Coli cells (TB-I strain) using 
MDMV B cDNA
recirculari/ed
Competent B.( oli cells (TB-I strain) were transformed using 60 
ng of the recirculari/ed MDMV B cDNA clone in plJCI9 from 
procedure 4. The competent E.Coli cells were prepared by the calcium 
chloride procedure (reference 6 p.250). One hundred |il of highly
competent TB-I cells (approximately 5 x 10? competent cells/ml) 
were added to each ligated DNA sample, mixed by gentle pipetting 
and placed on ice for 45 minutes. The reactions were then heated at 
42° C for 3 minutes and placed on ice for an additional 5 minutes. 
Bach transformation reaction was then added to 0.9 ml of sterile SOC 
medium (containing 20 g bactotryptonc, 5 g yeast extract. 0.6 g NaCI, 
0.2 g KCIJOml 1.0M MgSC>4, and 10 ml 2.0M glucose per liter distilled 
water) and incubated at 37° C for I hour with shaking. One hundred 
ml of each transformation reaction was then plated out on LB- 
atnpicillin (10 g bactotryptonc, 5 g yeast extract, 10 g NaCI, 2 g 
glucose,15 g bacto-agar and 100 mg ampicillin per liter distilled 
water) plates and incubated overnight at 37 * C.
6. Isolation of MDMV B cDNA insert containing pUCI9 from 
transformed E.Coli cells and subsequent double stranded sequencing 
of the plus strand of the done
Transformed E.Coli (TB-I strain) cells containing the deleted 
MDMV B cDNA insert in pUCI9 were picked from the LB- ampicillin 
plates (procedure 5) and grown overnight in 1.5 ml of LB growth 
medium (reference 6 p. 440) containing 40 pi of 1.0 mg/ml 
ampicillin. Plasmid DNA was isolated from the TB-I cell cultures via 
a boiling miniprep procedure (reference 6 p. 336 and 337). This 
plasmid DNA was further purified using glass powder solution
: i : n ' . ;d  v; d i:H . ,:v ■
(reference 8 p. 615 for materials). One hundred pi of Nal and 10 pi of 
glass powder suspension was added to the plasmid DNA and mixed 
thoroughly by pipetting. The reaction was incubated at room 
temperature for 5 minutes. The mixture was then centrifuged for 5 
seconds at room temperature and the supernatant was removed by 
decanting it. The surface of the glass bead pellet was washed three 
times with 400 pi of cold ethanol wash solution by centrifuging it for 
I minute at room temperature and decanting the wash solution. The 
DNA bound to the glass beads was then eluted by the addition of 50
pi of distilled H2O and incubation of the mixture at 45 to 60° C for 5
minutes. The reaction mixture was then centrifuged for 30 seconds at 
room temperature to pellet the glass beads, The supernatant 
containing the eluted DNA was decanted into an lippendorf tube. The 
remaining glass beads were removed by repetetive centrifugations of 
the eluent followed by decanting the supernatant containing the 
DNA, The concentration of the DNA eluted from the glass beads was 
determined by measuring the absorbance (at 260 nm) of a 1:500
dilution of the eluent. Three pg of DNA was used for subsequent
double stranded sequencing of the deleted cDNA insert of MDMV B in 
pUCI9.
19
results  and  discussion
Characterization of an EcoRI site by restriction enzyme analyses ol 
the MDMV B ePNA clone in pi C l9 '
I started my project by performing double stranded 
sequencing on the MDMV B cDNA in pi CM1) using the pl C I() reverse 
primer. This process allowed me to obtain sequence information on 
the plus strand of the cDNA clone. 1 obtained little useful sequence 
information from the autoradiogram due to poor resolution of the 
termination bands. However, I characterized a short, 20 nucleotide 
stretch sequence that indicated the presence of an EcoRI site near the 
.V terminus of the plus strand of the MDMV B cDNA clone. 1 therefore 
attempted to confirm the presence of this EcoRI site using restriction 
enzyme analyses. EcoRI digestion of the MDMV B cDNA clone in 
pUC19 produced 2 fragments. The larger fragment was 
approximately 3000 base pairs in length and the smaller 
approximately 2800 nucleotides long. The 2800 base pair fragment 
consisted of pUCI1) plasmid (2686 base pairs in length) containing 
the Sail to EcoRI portion of the cDNA clone. The 3(K)0 nucleotide long 
fragment produced by EcoRI digestion of the full length clone 
(approximately 3100 nucleotides long) therefore confirms the 
presence of an EcoRI site near the carboxy terminus of the nuclear 
inclusion protein I cistron of the MDMV B clone.
This EcoRI site may allow further sequence determination in 
the carboxy terminal region of the MDMV A nuclear inclusion protein 
I cistron by employing the following strategy. The 3000 base pair 
cDNA insert of the MDMV B clone in pUC19 may be isolated from an 
agarose gel following digestion using EcoRI. This insert may then be
subcloned into plJCI9 which hits been linearized with BcoRi. The 
orientation of the insert in ptJCI9 would be unknown. However, the 
insert may be sequenced using both pUCI9 forward and reverse 
primers in order to obtain sequence information in the required 
region.
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Overall sapience determination of the MDMV B cDNA clone
I employed 2 strategies in order to sequence the MDMV B 
cDNA clone in pLC19, l irst. I performed double stranded l)\A 
sequencing of the .V terminal region of the MDMV B cDNA insert in 
pUCI9. I annealed a specific oligonucleotide primer (.V 
GCA A (i TTTG A TCG A TCCC 3) to a region on the cDNA corresponding to 
the already characterised carboxy terminus of the nuclear inclusion 
protein II eistron. Subsequent double stranded sequencing of this 
cDNA-primer form allowed me to determine ISO nucleotides coding 
for 60 additional amino acids near the 3' terminal region of the 
nuclear inclusion protein II eistron (figure 5). The amino acids coded 
for by this DNA sequence show a high degree of homology when 
compared with previously sequenced nuclear inclusion protein II 
cistrons of three other polyviruses, namely plum pox virus, tobacco 
etch virus and tobacco vein mottling virus (figure 6).
The second strategy that I used to determine the nucleotide 
sequence of the MDMV B cDNA involved double stranded sequencing 
of the MDMV B cDNA insert (in pUCI9) which had been deleted 
unidirectionally from the .V terminus of the plus strand of the 
original clone. I prepared three deletions for use in these studies.
22
Figure 5 Amino acid and nucleotide sequence 
of the MDMV B nuclear inclusion 
protein II cistron
25
Figure 6 Amino acid sequences of three potyviral 
nuclear inclusion protein II cistrons
26
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I iv 7 Alignment of three potNMrus N!h type protein amino acid sequences Ammo a.ids identical in a
least two of the sequences are boxed.
\
namely two 20 minute deletions and one 27.5 minute deletion. 
Nucleotide sequence information obtained from one Ml)MV B cl) \A 
clone that had been deleted for 20 minutes allowed me to 
characterize the protein processing point between the cistrons of 
nuclear inclusion proteins I and II. I determined 36 nucleotides 
coding for 12 amino acids in the 3' terminus of the nuclear inclusion 
protein I cistron and 153 nucleotides coding for amino acids 0 
through 50 in the 5’ terminus of the nuclear inclusion protein II 
cistron (figure 5). The second 20 minute deletion of MDMV B cDNA 
clone in pL'CI1) allowed me to establish the nucleotide sequence 
coding for amino acids 1X8 through 254 in the nuclear inclusion 
protein II cistron. I was also able to determine the nucleotide 
sequence coding for amino acids 225 through 272 in the nuclear 
inclusion protein II cistron from sequence information that I 
obtained from the 27.5 minute deletion of the MDMV B cl)NA in 
pUCIM (figure 5). Homology analyses comparing nucleotide sequence 
for the MDMV B nuclear inclusion protein II cistron with previously 
sequenced nuclear inclusion protein II cistrons show a high degree of 
homology with with the identical regions of the nuclear inclusion 
protein II cistrons of the other potyviruses (i.e., plum pox. tobacco 
etch, and tobacco vein mottling virus).
The sequence determination of the nuclear inclusion protein II 
cistron of MDMV B can be completed by constructing oligonucleotide 
primers that will anneal to any of the three regions that have been 
characterised. Both the plus and minus strands of the full length 
MDMV B cDNA clone may be sequenced in this manner.
27
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